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ABSTRACT 

We present the X-ray observation of Vela shrapnel B with the XIS on board the Suzaku satellite. 
The shrapnel is one of several ejecta fragment-like features protruding beyond the primary blast wave 
shock front of the Vela supernova remnant. The spectrum of shrapnel B is well-represented by a single- 
temperature thin-thermal plasma in a non-equilibrium ionization state. The elemental abundances of 
O, Ne, and Mg are found to be significantly higher than the solar values, supporting that shrapnel B 
originates from supernova ejecta. The abundances of O, Ne, and Mg relative to Fe are enhanced above 
their solar values, while that of Si relative to Fe are at their solar values. This abundance pattern is 
similar to that in shrapnel D, except that the enhancements of the lighter elements are less prominent, 
suggesting more extensive mixing with the interstellar medium (ISM) in shrapnel B. The contribution 
of the ISM is considered to be larger at the trailing region, because the absolute abundances of some 
elements there are depleted relative to those at the shrapnel's head. 

Subject headings: ISM: individual (Vela SNR) — supernova remnants — X-rays: ISM 



1. INTRODUCTION 

Supernova (SN) explosions are prominent phenomena 
through which heavy elements are released into interstel- 
lar space. The ejected materials often constitute frag- 
ments, or ejecta knots, although their creation mecha- 
nism has not been well-understood. In fact, such frag- 
ments of ejecta have been discovered from several super- 
nova remnants (SNRs): e.g., Tycho (Decourchelle et al. 
2001), Cas A (Laming & Hwang 2003; Fesen et al. 2006), 
Pup A (Winkler & Kirshner 1985; Katsuda et al. 2008), 
and G292.0-H1.8 (Park et al. 2007). As mentioned below, 
the Vela SNR is also one of the most interesting SNRs 
from which some candidates of ejecta fragments can be 
observed. 

The Vela SNR is considered to be the remnant of a 
Type II-P SN explosion of the progenitor star with the 
mass of < 25M0 (Gvaramadze 1999). The age of the 
SNR has been estimated to be ~ 1.1 x 10* yr from the 
spin down rate of PSR B0833-45 (the Vela pulsar: Tay- 
lor et al. 1993), which is associated with the SNR (e.g., 
Weiler & Sramek 1988). Since this SNR has the largest 
angular size (^ 8°: Aschenbach et al. 1995; Lu & As- 
chenbach 2000) among observable SNRs, it is a very ideal 
target for studying the detailed structure of an old SNR. 

Aschenbach et al. (1995) observed the entire Vela SNR 
in the i?0S'j4T' all-sky survey, and discovered six isolated 
fragment-like features, named "shrapnels" A to F, which 
have overrun the primary blast wave shock boundary. 
The opening angles of the shrapnels' bow-shock features 
suggest them to be supersonically moving in tenuous am- 
bient matter. The symmetry axis of each shrapnel traces 
back to the center of the SNR, which is very close to 
the Vela pulsar. Such a configuration suggests that the 
shrapnels are associated with the fossil material of the SN 
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explosion; they had probably traveled behind the blast 
wave for a long time and passed its front at the late stage 
when the blast wave had decelerated. If they are really 
the clumps of the SN ejecta, it is expected that the chem- 
ical compositions of the shrapnels are abundant in heavy 
elements. Therefore, some of the shrapnels have been 
studied to reveal the metal abundances using several re- 
cent X-ray missions. 

Shrapnel A is the most well-investigated one. Tsunemi 
et al. (1999a) observed the shrapnel with ASCA, and 
found a strong Si K-shell emission line with relatively 
weak emission from other elements. Then, the Chan- 
dra and XMM-Newton observations confirmed that the 
shrapnel is significantly over-abundant in Si, while the 
other elements, i.e., O, Ne, Mg, and Fe, have solar or 
sub-solar abundances (Miyata et al. 2001; Katsuda & 
Tsunemi 2006: hereafter KT06). They thus concluded 
that shrapnel A originated from a deep (Si-rich) layer of 
the progenitor star. The relative abundances among the 
heavy elements were found to be almost uniform in the 
entire shrapnel. 

On the other hand, the ASCA spectra of shrap- 
nel D, which is the brightest and largest among the 
six shrapnels, indicated over-abundances of O, Ne, and 
Mg (Tsunemi et al. 1999b). Using XMM-Newton, Kat- 
suda & Tsunemi (2005; hereafter KT05) confirmed that 
the abundance ratios of 0-Ne-Mg to Fe are significantly 
larger than solar, which is consistent with the view that 
this shrapnel is a fragment of the ejecta from a shallow 
layer of the progenitor. 

Interestingly, several bright ejecta knots have been dis- 
covered in the northern part of the Vela SNR by the 
recent XMM-Newton observations (Miceh et al. 2008). 
They suggested that these knots would be "new" shrap- 
nels hidden inside the Vela main shell by the projection 
effect. The relative abundances of these knots were found 
to be quite similar to those observed in shrapnel D; O, 
Ne, and Mg were much more abundant than those of the 
other elements. 

Shrapnel B is another candidate of the ejecta frag- 
ment discovered with ROSAT all-sky survey, and the 
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Fig. 1. — Surface brightness map of Vela shrapnel B in the 0.5— 
1.3 keV band obtained with ROSAT PSPC. North is up and east 
is to the left. The scale is logarithmic. The field of view of the XIS 
is shown by a gray solid square. 

second brightest next to shrapnel D (Aschenbach et al. 
1995). Although it was observed with ASCA, the ele- 
mental abundances could not be determined due to the 
poor photon statistics (Tsunemi et al. 1999b). In this pa- 
per, therefore, we investigate the chemical and physical 
properties of shrapnel B, by analyzing high quality spec- 
tral data obtained with Suzaku. In §2, we introduce the 
observation and data reduction procedure. The results 
of our analysis are presented in §3. Finally, we develop 
the discussion and summarize our findings in §4 and §5, 
respectively. We assume the distance to the Vela SNR to 
be 250 pc, following Cha et al. (1999). The errors quoted 
in the text and tables are at the 90% confidence level, and 
the error bars in the figures are for la confidence, unless 
otherwise noted. 

2. OBSERVATION AND DATA REDUCTION 

The 0.5-1.3 keV ROSAT PSPC image of shrapnel B 
(Figure [T]) shows a clear bow shock structure. A part of 
Vela shrapnel B was observed by Suzaku on 2006 Novem- 
ber 5-7 (Observation ID = 501085010). The field of view 
(FOV) of the observation is shown in the image of the 
entire region of shrapnel B. 

In this paper, we concentrate on the data obtained 
with the X-ray Imaging Spectrometer (XIS: Koyama et 
al. 2007) on board Suzaku. The XIS consists of four X- 
ray charge coupled devices (CCD) at the foci of the four 
X-Ray Telescopes (XRT; Serlemitsos et al. 2007). All 
four XRTs are co-aligned to image the same region of 
the sky. The half-power diameter (HPD) of the XRT 
is ~ 2', independent of the X-ray energy. Three of the 
CCDs (XISO, 2, and 3) are Front-Illuminated (FI) sensors 
and the fourth (XISl) is Back- Illuminated (BI). The lat- 
ter has superior sensitivity in the 0.2-1.0 keV band with 
a significantly improved energy resolution compared to 
previous X-ray CCD cameras. 

The XIS were operated in the normal full-frame clock- 
ing mode with spaced-row charge injection (SCI) tech- 
nique (Uchiyama et al. 2008). For the following data re- 
duction, the HEADAS software of version 6.5 was used. 
We employed the revision 2.0 data products, but repro- 
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Fig. 2. — Suzaku XIS image of Vela shrapnel B in the 0.5— 
2.0 keV band, with J2000.0 coordinates. The data from the XISO, 
1, and 3 are combined. The vignetting effect is corrected after 
subtraction of the non X-ray background. The image is smoothed 
with a Gaussian kernel of cr = 33" and shown on a linear scale. 
The field of view of the XIS is indicated by the black square. The 
source regions used for the spectral analyses are shown by the solid 
lines. 

cessed the data using the xispi software and the makepi 
files of 20080905. These files include the latest calibra- 
tion results for the charge transfer inefficiency (CTI) and 
gain. We cleaned the reprocessed data following the stan- 
dard screening criteria^ and obtained an effective expo- 
sure time of ~58 ksec. Although all four sensors were 
active at the time of the observation, the XIS2 became 
inoperable soon after the use of the SCI technique. The 
energy scale of the XIS2 for the SCI-on mode was there- 
fore not well calibrated (Uchiyama et al. 2008) and we do 
not use the data obtained by the XIS2 in the subsequent 
analysis. 

3. ANALYSIS AND RESULTS 
3.1. Image 

Figure [2] shows the XIS image in the 0.5-2.0 keV band. 
No significant diffuse emission is found above 2 keV, 
which suggests that the shrapnel is dominated by soft X- 
rays. An image of the non X-ray background (NXB) in 
the same energy band was obtained using the xisnxbgen 
software and subtracted from the raw image. The NXB 
data were constructed from the night-Earth database by 
sorting on the geomagnetic cut-off rigidity. The NXB- 
subtracted image was then divided by the exposure map 
constructed with the xissim software to correct for vi- 
gnetting. 

In this image, we can see the clear ridge structure of 
the shrapnel. The diffuse emission is the brightest at 
the center of the FOV and extends to the northwest and 
southeast. It is also extended to the opposite side of the 
rim (toward the main shell of the Vela SNR) , although its 
surface brightness there is lower than in the other regions. 
Similar trailing features are found in shrapnels A and D 

* http: / /hcasarc. nasa.gov/docs/suzaku/processing/criteria_xis. html 
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(Miyata et al. 2001; KT05; KT06). 

3.2. Spectrum 

For a quantitative study of the physical properties, 
we extracted the XIS spectra from several regions in- 
dicated with solid lines in Figure [2] — hereafter, "Head" , 
"Tail", "NW", and "SE". We analyzed the spectra us- 
ing XSPEC version 11.3.2, with the response matrix files 
(RMF) and ancillary response files (ARF) made using 
with the xisrmf gen and xissimarf gen software. 

3.2.1. Background subtraction 

Although there is a source-free region at the east edge 
of the FOV, it is too small to obtain a background spec- 
trum with sufficient photon statistics. Therefore, we used 
"blank sky" data to estimate the background emission. 
The most suitable blank sky observation for our data is 
the offset observation for RX J0852-4622 (Obs. date = 
2005 December 23, Obs. ID = 500010020), whose aim 
point (RA, Dec) = (9''00'"31^ -43°28'36") is only ~ 4.4 
degrees from Vela shrapnel B. We applied the same data- 
screening criteria as we did for the shrapnel B data, ob- 
taining an exposure time of ~ 59 ksec. To minimize 
the uncertainty due to the background subtraction, the 
background spectra were taken from the same detector 
coordinates as the source regions. 

It is known that the energy resolution of the XIS is 
gradually degrading due to radiation damage while in or- 
bit (Koyama et al. 2007). Also, the efficiency for the de- 
tection of soft X-rays has decreased because of the build- 
up of the contaminating material on the optical block- 
ing filters (OBF) of the XIS due to out-gassing from the 
satellite. Since these effects vary with the time, we exam- 
ined the differences in the XIS performance for the shrap- 
nel B and blank sky observations. We found that the 
difference in energy resolution is negligible, at ~ 60 eV 
and ~ 55 eV (FWHM) at 0.5 keV for the shrapnel B 
and blank sky data, respectively. On the other hand, the 
column density of the accumulated contaminant (at the 
center of the CCDs) during each observation shows some 
differences as shown in Table [TJ For the XISO and 1, 
the extinction column densities at the time of the source 
observation are twice as large as those for the blank sky, 
so there should be taken properly into account. We thus 
applied the following procedure before the background 
subtraction: (1) The NXB data from the same detec- 
tor regions were subtracted from both of the source and 
blank sky spectra. (2) The NXB-subtracted spectra of 
the blank sky were corrected by multiplying the ratios 
between the efficiencies during the source and blank sky 
observations. For example, we show in Figure [3] the re- 
sult for the Head region. The black and gray data points 
with filled squares are the NXB-subtracted XISl spectra 
from the source and blank sky data, respectively. After 
the efficiency correction, the blank sky spectrum is given 
as the gray crosses with open circles. The count rate of 
the soft X-rays (below ~ 0.6 keV) was significantly re- 
duced, while that of the hard X-rays was not changed 
much. 

The background-subtracted spectrum of each region 
was obtained as shown in Figure |4l Several K-shell emis- 
sion fine blends, including OVII (~ 0.57 keV), OVIII 
(- 0.65 keV), NelX (- 0.91 keV), NeX (~ 1.02 keV), 
and MgXI (~ 1.34 keV) were clearly resolved in each 
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Fig. 3. — Comparison of the source and background spectra. 
Black with filled squares represents the XISl spectrum of Head re- 
gion with the non X-ray background subtracted. The correspond- 
ing blank sky spectra before and after the efficiency correction are 
represented with gray with filled squares and open circles, respec- 
tively (see text for details). 



TABLE 1 

Column densities of the contaminant built up on the 
optical blocking filters of the xis.'' 



Observation (Date) 


Contaminant 


XISO 


XISl 


XIS3 


Vela shrapnel B 
(2006-11-05) 


C (10^» cm-^) 
O (10^^ cm-2) 


3.19 
5.32 


4.14 
6.89 


5.75 
9.59 


RX J0852-4622 offset 


C (10^" cm-^) 


1.53 


2.20 


4.45 


(2005-12-23) 


O (lOi^ cm-2) 


2.55 


3.66 


7.41 



spectrum, clearly indicating origin in the optically thin- 
thermal plasma of the shrapnel. 

3.2.2. Head region 

We first fitted the spectra of the Head region with a 
model for an absorbed optically thin-thermal plasma in 
collisional ionization equilibrium (CIE) (VAPEC: Smith 
et al. 2001). The absorption column density (iVn), elec- 
tron temperature (fcTe), and emission measure (EM) 
were treated as free parameters. The elemental abun- 
dances relative to the solar values (Anders & Grevesse 
1989) of O, Ne, Mg, Si, and Fe were also allowed to 
vary freely. The abundances of S and Ni were linked to 
those of Si and Fe respectively, while those of the other 
elements were fixed to the solar values. Since the abso- 
lute gain of the XIS has a small uncertainty of ±5 eV 
(Koyama et al. 2007; Uchiyama et al. 2008), we allowed 
for a small offset in the photon-energy to the pulse-height 
gain relationship. With this model, we obtained a best- 
fit with kTe = 0.26 ± 0.01 keV and xVd-O.f. = 428/319. 

Although the spectra were relatively well reproduced 
by the CIE model, we also fitted a non-equilibrium 
ionization plasma model (VNEI with NEIvers 2.0: 
Borkowski et al. 2001). The ionization timescale (ngt), 
where rig and t are electron density and the time since 
the plasma was heated, was an additional free parameter 
in these models. Given that the value of x^/d.o.f. was 
significantly reduced to 370/318 (F-test probability was 
less than 10~^°), we considered that the NEI model bet- 
ter represents the Head spectra. The best-fit parameters 
and model are given in Table [21 and Figure |4] {top left), 
respectively. A relatively large disagreement between the 
data and model was found around 1.2 keV, which can be 
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TABLE 2 



Best-fit spectral parameters of Vela shrapnel B. 


Parameter 


Head 


Tail 


NW 


SE 


Nn (10^" cm-^) 


1.3 (0.6-2.3) 


1.3 (fixed) 


1.3 (fixed) 


1.3 (fixed) 


fcTe (keV) 


0.61 (0.55-0.68) 


0.69 (0.61-0.81) 


0.53 (0.43-0.66) 


0.75 (0.58-0.98) 


O (solar) 


1.7 (1.3-2.2) 


0.77 (0.63-0.94) 


1.4 (0.9-1.9) 


1.3 (0.9-2.1) 


Ne (solar) 


4.4 (3.5-5.8) 


1.8 (1.5-2.3) 


3.7 (2.3-6.7) 


3.2 (2.2-5.2) 


Mg (solar) 


2.9 (2.3-4.0) 


1.3 (1.0-1.9) 


3.5 (2.0-5.3) 


2.6 (1.6-4.3) 


Si, S (solar) 


1.5 (0.7-2.5) 


1.9 (1.2-2.9) 


3.4 (1.2-7.2) 


4.1 (2.3-5.7) 


Fe, Ni (solar) 


1.4 (1.1-1.8) 


0.79 (0.63-0.98) 


1.4 (0.8-2.6) 


1.1 (0.8-1.9) 


net (IQlO cm-3 s) 


4.2 (3.5-5.1) 


5.1 (3.6-8.5) 


3.4 (2.4-5.8) 


2.5 (1.7-3.6) 


EM'' (IQl^ cm-5) 


3.6 (2.7-4.9) 


2.4 (2.0-2.9) 


2.7 (1.4-5.0) 


2.0 (1.1-2.9) 


Lx*" (10^" ergs s'^) 


16.2 


7.9 


4.0 


5.4 


xVd.o.f. 


370/318 


208/168 


91/102 


149/120 



attributed to Fe-L emission lines missing in the plasma 
code (e.g., Brickhouse et al. 2000). The above fitting pro- 
cess required a gain offset of 4.4 eV only for the XISl, 
which is within the allowable range. Although we also 
tried to fit the spectra by fixing the abundances of C and 
N to that of O, the result did not change significantly. 
The Ne and Mg abundances are enhanced by a factor of 
a few above the solar values. Although it is less promi- 
nent, the O is also over- abundant than the solar at a Scr 
confidence level. 

3.2.3. Tail, NW, and SE regions 

We next analyzed the spectra of the Tail region using 
the same model and assumption as for the Head region. 
We found that the best-fit result required a low inter- 
stellar absorption of A^h < 8.0 x 10^^ cm~^ (the best-fit 
value was pegged at zero). This may be due to incom- 
plete calibration information for the contamination layer 
on the OBF at the large off-axis angle region (Koyama et 



al. 2007). We thus fixed the column density to the best- 
fit value of the Head region (Nn = 1.3 x 10^° cm~^) and 
fitted again. We obtained an acceptable result (x^/d.o.f. 
= 208/168) as given in Tabled We note that all the 
parameter values are fully consistent with those derived 
for the case of A'h was freely fitted. The elemental abun- 
dances of the Tail region are found to be significantly 
lower than those of the Head region, except for Si. If we 
fit the Tail spectrum fixing the abundances to the best-fit 
values for the Head region given in Table d the fit was 
statistically worse (x^/d.o.f. = 270/173) based on an F- 
test (probability of ~ 2 x 10~®), and thus was rejected. 
We therefore conclude that the abundances of some el- 
ements at the Tail region are really depleted relative to 
those at the Head region. 

The spectra of the NW and SE regions were also fitted 
with the A^H fixed. The best-fit parameters (listed in Ta- 
ble [2]) were found to be consistent with those of the Head 
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Fig. 5. — Confidence contours for the abundance ratios of O, Ne, Mg, and Si to Fe, determined from the Head spectrum. The soUd, 
dashed, and dotted contours are given for confidence levels of 68%, 90%, and 99%, respectively. The solar abundance ratios are shown by 
the dashed lines. 



region, so that the elemental abundances are consistent 
with the values for the Head. Freely fitting the A^h did 
not change these results, although the best-fit iVn values 
were unreasonably low probably due to the same reason 
seen in the Tail spectrum. 

4. DISCUSSION 
4.1. Chemical Composition 

We have measured enhanced abundances of the heavy 
elements in Vela shrapnel B, for the first time, strongly 
supporting that shrapnel B is an ejecta fragment (orig- 
inating from the explosion of the Vela SN), similar to 
shrapnels A and D (KT05; KT06). We note, however, 
that it is difficult to determine the absolute values of the 
elemental abundances, because the bremsstrahlung asso- 
ciated with high-Z ions contributes significantly to the 
continuum emission. Indeed, if we fix the O abundance 
to be 10 times solar and fit the Head spectrum, we obtain 
an acceptable x^/d.o.f. value of 409/319. 

The derived relative abundances among the heavy ele- 
ments are much more reliable, since they are mainly de- 
termined from the intensity ratios of the emission lines. 
Figure [5] shows the confidence contours for the abun- 
dances of O, Ne, Mg, and Si against that of Fe, derived 
from the spectrum of the Head region. We can see that 
the abundance ratios of Ne/Fe and Mg/Fe are enhanced 
over the solar values. Furthermore, the 0/Fe ratio is 
also higher than unity at > 99% confidence. These re- 
sults match the nucleosynthesis yields of core-collapse 
SNe (e.g., Thielemann et al. 1996) rather than thermonu- 



clear Type la SNe (e.g., Iwamoto et al. 1999). The ob- 
tained relative abundances (with 90% error) for the Head 
region are listed in Table [3l along with those for shrap- 
nels A and D (KT05; KT06), for comparison. Shrapnel A 
is obviously dominated by Si, while shrapnel D is abun- 
dant in O, Ne, and Mg, which are synthesized exterior 
to the Si-rich layer of the progenitor. The abundance 
pattern of shrapnel B is relatively similar to those found 
in shrapnel D, except that the over-abundances of the 
lighter elements are less prominent. This suggests more 
significant mixing with the interstellar medium (ISM) in 
shrapnel B than in shrapnel D. The same interpretation 
has been advanced argued for some ejecta knots discov- 
ered around the northeast rim of the Vela SNR (Miceli 
et al. 2008) that have abundance patterns very similar 
to those of shrapnel B. 

We find that the absolute abundances of O, Ne, and 
Mg in the Tail region are significantly lower than those 
in the Head and the other regions. This suggests that 
the contribution of the ISM is larger at the Tail region 
than elsewhere. Note that the FOV of the Suzaku obser- 
vation covers a very limited portion of the shrapnel (see 
Figure [T]). In order to investigate the more detailed spa- 
tial distribution of the elemental abundances, we need to 
observe a larger area of shrapnel B. This will help us to 
separate the ejecta and ISM components more clearly. 

4.2. Plasma Properties 

The spectra from all the regions are found to be re- 
produced well by a NEI plasma model with a single elec- 
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TABLE 3 

Abundance ratios of Vela shrapnels.'' 





Shrapnel B'' 


Shrapnel A*^ 


Shrapnel D'^ 


O/Fe 


1.2 (1.1-1.3) 


0.4 


4.6 


Ne/Fe 


3.1 (2.8-3.5) 


1.1 


9.8 


Mg/Fe 


2.1 (1.7-2.4) 


1.0 


10 


Si/Fe 


1.1 (0.4-1.8) 


3.8 


0.7 



tron temperature of kT^ ^ 0.6 keV. The obtained n^t 
value is on the order of lO^*' cm^"^ s, which indicates 
that the plasma is far from CIE. The ROSAT study 
showed that the electron temperature of shrapnel B was 
kTe = 0.39 ± 0.12 keV (Aschenbach et al. 1995), which is 
significantly lower than our result. The ASCA study also 
derived a lower temperature of kT,, = 0.33 ± 0.01 keV 
(Tsunemi et al. 1999b). These inconsistencies proba- 
bly arise because the previous studies applied the CIE 
plasma model. Indeed, we obtain a similarly low tem- 
perature from the Suzaku spectrum using CIE models 
(see ii|3.2.2p . The sum of the luminosities of the four re- 
gions is Lx ~ 3.4 X 10'^^ ergs s~^ in the 0.2-2.0 keV band. 
The ROSATPSFC image (Figure[I]) shows that the flux 
in the XIS FOV is ~ 25% of that of the entire shrapnel 
so that the total luminosity of shrapnel B is estimated to 
be Lx ^ 1.3 X 10^2 ergs s^^ 

Assuming an axially symmetric structure for the shrap- 
nel, the emission depth of the plasma is roughly esti- 
mated to be 8 X 10^* cm at a distance of 250 pc. There- 
fore, using the best-fit elemental abundances given in Ta- 
ble m the EM of the Head and Tail regions correspond 
to the proton densities of 0.06 cm^^ and 0.05 cm~'^, re- 
spectively. (A homogeneous density distribution is also 
assumed here.) These values are lower than the typi- 
cal density of shrapnel D 0.2 cm~'^: KT05), which is 
generally consistent with our interpretation that shrap- 
nel B is more significantly mixed with the ISM than is 
shrapnel D. For the Head region, the plasma mass is esti- 
mated to be 1.5 X 10~^ Mq, while the mass of the heavy 
elements is 5.2 x 10^^ Mq. Assuming a volume for the 
entire shrapnel of 5 x 10^^ cm'^ and a uniform density of 
0.05 cm^'^, the total mass in shrapnel B is 0.02 Mq. 
This is comparable to that of shrapnel A (Tsunemi et 
al. 1999a; KT06), although shrapnel B's angular size is 
much larger. We note, however, that the plasma mass 
depends on the absolute abundances of heavy elements, 
which are difficult to determine the metal-rich plasma 
such as those in the Head region (as mentioned in ij4.ip . 
If we assume that the plasma is composed purely of met- 
als (without H and He), the mass of the Head region 
decreases to 3.6 x 10^* Mq. 
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For shrapnels A and D, the electron temperatures were 
found to decrease gradually toward the trailing regions 
of the fragments (KT05; 06). If the shrapnels are simply 
breakout features out of the blast wave, the temperature 
observed is expected to increase toward the center of the 
explosion. Therefore, KT06 argued that the higher tem- 
perature at the head regions supports the ejecta origin 
of the shrapnels. However, we do not find any significant 
temperature variation between the Head and Tail regions 
of shrapnel B. Follow-up observations of this shrapnel 
with a deep exposure and a large FOV are required to 
conclusively reveal the kTg distribution. 

5. SUMMARY 

We have analyzed Suzaku data of Vela shrapnel B. Uti- 
lizing the good sensitivity and spectroscopic performance 
of the XIS, we clearly detect several emission line blends 
from highly ionized heavy elements. The spectrum of the 
Head region is well fitted with an NEI plasma with an 
electron temperature of kT^, ~ 0.6 keV. The abundances 
of some heavy elements are found to be significantly en- 
hanced above the solar values. This result strongly sug- 
gests that shrapnel B originates from the ejecta of the 
Vela SN. The abundances of O, Ne, and Mg relative to 
Fe are higher than the solar ratios. Shrapnel B can there- 
fore be identified with the outer layer of the progenitor, 
similar to shrapnel D. However, the over-abundances of 
the lighter elements are less prominent than for shrap- 
nel D, indicating that shrapnel B has been mixed with 
a larger mass of ISM than shrapnel D. The spectrum 
from the Tail region is reproduced by a similar model 
as the Head region, but with significantly lower absolute 
abundances of O, Ne, and Mg. This indicates a relatively 
large contribution from swept-up ISM for the Tail region. 
No significant temperature variation between the Head 
and the Tail regions is found. The total luminosity (in 
0.2-2.0 keV band) and mass of the entire shrapnel are es- 
timated to be Lx 1.3 X 10^^ ergs s"\ and ^ 0.02 Mq, 
respectively. 
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